INTRODUCTION
The International Criticality Safety Benchmark Evaluation Project (ICSBEP) was initiated in 1992 by the United States Department of Energy. The ICSBEP became an official activity of the Organization for Economic Cooperation and Development (OECD) -Nuclear Energy Agency (NEA) in 1995. Representatives from the United States, United Kingdom, France, Japan, the Russian Federation, Hungary, Republic of Korea, Slovenia, Serbia and Montenegro (formerly Yugoslavia), Kazakhstan, Spain, Israel, Brazil, Poland, and the Czech Republic are now participating. South Africa, India, China, and Germany are considering participation.
The purpose of the ICSBEP is to identify, evaluate, verify, and formally document a comprehensive and internationally peer-reviewed set of criticality safety benchmark data. The work of the ICSBEP is published as an OECD handbook entitled "International Handbook of Evaluated Criticality Safety Benchmark Experiments" (see [1] ). The 2004 Edition of the Handbook contains benchmark specifications for 3331 critical or subcritical configurations that are intended for use in validation efforts and for testing basic nuclear data.
INTERNATIONAL HANDBOOK OF EVALUATED CRITICALITY SAFETY BENCHMARKS
The International Handbook of Evaluated Criticality Safety Benchmark Experiments is divided into eight volumes. Each of the first seven volumes contains critical or subcritical benchmark data for one of the following seven different types of fissile material systems: There are currently benchmark specifications for: A more detailed description of the ICSBEP and Handbook may be found in [2] and [3] .
HANDBOOK USAGE
The ICSBEP Handbook is a compilation of critical, subcritical, and radiation-transport benchmark experimental data that have been verified, to the extent possible, by reviewing original and subsequently revised documentation, logbooks, internal memos and letters, and by talking with experimenters or individuals who were associated with the experiments or the experimental facility. The experimental data have been reduced to a form, called the benchmark specification, that facilitates the development of an analytical model of the experiment. When used properly, these data allow criticality safety analysts to validate their analytical techniques and nuclear data evaluators to test data performance without repeating the research and data-reduction steps.
Use of ICSBEP benchmark specifications for nuclear data testing has increased significantly over the past few years. Instead of basing performance on a few selected benchmarks, hundreds of benchmarks are now available for some of the more commonly used and important isotopes such as
Pu.
There are fewer benchmarks available that are sufficiently sensitive to certain shielding, reflector, and structural materials to enable meaningful nuclear data testing. Some of these lesser-known benchmarks (iron, stainless steel, beryllium, and lead) are highlighted in this section. Benchmarks for thorium and newly evaluated data for 238 U are also discussed.
All data discussed in this section, including calculated results, were taken directly from the 2004 edition of the ICSBEP Handbook, Reference 1. Benchmarks are generally referenced only by the ICSBEP identifier. Complete descriptions of the benchmarks are given in [1] , including the names of the authors and the facility at which the experiments were performed. Unless specifically stated otherwise, calculated results were obtained with the MCNP Code.
Structural Materials Iron, Chromium, Nickel, and Manganese
Stainless steel is a commonly encountered structural material that is used in fuel storage racks, transport and storage casks, and waste canisters. Iron, chromium, nickel, and manganese are major constitutes of stainless steel that impact criticality safety calculations. There are only a limited number of benchmarks evaluated to date that truly test these materials. Summarized in Table 1 are those benchmarks that are most likely to provide meaningful tests of the constituents of stainless steel. The performance of ENDF/B-V and ENDF/B-VI data, in terms of calculated over experimental k-effective values (C/E) for this same set of benchmarks, is given in Table 2 . The thermal benchmarks seem to perform relatively well. However, performance of the fast and intermediate benchmarks ranges from 0.5% to 15% low for ENDF/B-V data and from 1.5% to 9% high for ENDF/B-VI. The difference between the performance of ENDF/B-V and ENDF/B-VI for HEU-COMP-INTER-005 Configuration 4, a benchmark that is very sensitive to chromium, ranges from 15% low to over 9% high. Clearly, improvement in the cross section data for iron, chromium, nickel, and manganese is needed. The benchmarks summarized in Tables 1 and 2 are good indicators of performance.
Beryllium
Beryllium is an important reflector material and is also found in certain waste streams as a moderator. Integral benchmark data for beryllium as a reflector or moderator are also limited. Summarized in Table 3 are those benchmarks that are most likely to provide meaningful tests of beryllium. The performance of ENDF/B-V and ENDF/B-VI data, in terms of being calculated over experimental keffective values (C/E) for this set of benchmarks is given in Table 4 . More detailed analyses of these benchmarks show an upward trend with an increasing ratio of Be/U. 
Lead
An evaluation that first appears in the 2004 edition of the ICSBEP Handbook, HEU-MET-FAST-057, included benchmark specifications for highly enriched uranium metal spheres and cylinders reflected by lead. These configurations provide a good test for lead as a reflector in a fast neutron energy regime and shows a definite upward trend as the thickness of the lead increases, as shown in Fig. 3 . Results are over 3% high for thick lead reflectors (ENDF/B-VI.6). A Russian counterpart to this evaluation is being prepared by scientists at VNIITF for the 2005 edition of the ICSBEP Handbook and will show a similar trend. Another evaluation, LEU-COMP-THERM-027, includes water-moderated and lead-reflected 4.74% enriched uranium dioxide rod arrays that are representative of accident conditions in a transport or storage cask. These experiments were performed on APPARATUS B at the CEA Valduc facility in France and are very sensitive to the lead reflector in the thermal energy regime. Calculated results using JEF 2.2 data are all 2.0% to 3.0% high.
Uranium-238
Uranium 238 is certainly not a lesser known or neglected isotope; however, there are lesser known benchmarks and new benchmarks that should be considered for data testing of this important isotope. Summarized in Table 5 are benchmarks that provide meaningful tests of 238 U, including some of the more traditional benchmarks. The performance of ENDF/B-V and ENDF/B-VI data, in terms of calculated over experimental k-effective values (C/E) for this same set of benchmarks is shown graphically in Fig. 4 . These data show a definite upward trend as a function of the percent fission in 238 U. 
Thorium-232
Thorium is another material for which, in the past, there were few benchmarks that could be used for nuclear data testing. However, as a result of recent contributions to the Handbook, there are several benchmarks that are now available. These benchmarks are summarized in Table 6 . The performance of ENDF/B-V and ENDF/B-VI, in terms of calculated over experimental k-effective values (C/E) for this same set of benchmarks is given in Table 7 .
CONCLUSION
Over 250 scientists from around the world have combined their efforts to produce the "International Handbook of Evaluated Criticality Safety Benchmark Experiments." As a result of these efforts, a large portion of the tedious and redundant research and critical data is greatly streamlined, and valuable criticality safety experimental data are preserved. The work of the ICSBEP has highlighted gaps in data, has retrieved lost data, and has helped to identify inadequacies and errors in basic nuclear data and cross section processing codes. The handbook has been distributed to scientists and students within 58 different countries.
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